Model spectra for the electric and magnetic fields induced by oceanic internal waves are obtained by combining Green function solutions to the two electromagnetic modal equations with the Garrett-Munk kinematic description of the internal wave field. The poloidal magnetic mode is dominant at frequencies above 3f, where f is the local Coriolis frequency, and self and mutual induction are not important over this range. The toroidal magnetic mode is increasingly important at frequencies below 3f and is sensitive to the conductivity structure below the seafloor for nearinertial frequencies. The moored electric field is shown to be largely a measure of the local velocity field at high frequencies. The vertical electric field is sensitive to the horizontal velocity field, while the horizontal electric field primarily reflects the vertical velocity field and is quite small at the seaearth and sea-air interfaces. The magnetic field is a measure of the spatially averaged velocity field and is dominated by the poloidal magnetic mode. Electromagnetic boundary effects reduce the horizontal magnetic spectrum by decades at the seafloor and sea surface. At the seafloor and sea surface, internal wave-induced magnetic fields are within an order of magnitude of their externally induced counterparts, while in the ocean's interior, internal waves are probably the largest source of magnetic signals in the period range one day to one hour. The internal wave-induced electric field is not measurable except in the vertical component.
INTRODUCTION
Natural electromagnetic fields in the oceans are induced by both external ionospheric and magnetospheric electric current systems flowing far above the earth and by the dynamo interaction of ocean currents with the earth's magnetic field. The gross spatial and temporal morphology of the former are fairly well characterized at the earth's surface [e.g., Nishida, 1978] , and external electromagnetic induction fields are frequently used in geophysical exploration, chiefly through the magnetotelluric method. By contrast, ocean-induced electromagnetic fields are less well understood, primarily due to a paucity of actual observations and the complexity of the ocean velocity field.
Studies of motional electromagnetic induction in the oceans are numerous, although the phenomena examined are confined principally to the barotropic tides [e.g., Larsen, 1968; Chave, 1983] and surface gravity waves [e.g., Weaver, 1965; Larsen, 1971] . In a recent study, Chave and Filloux [1984] showed that the seafloor electromagnetic power spectrum could be separated into nearly equal parts of ionospheric and oceanic origin over the period range 1 day to 1 hour and suggested a combination of a barotropic long wave and an internal wave mechanism to explain the result. Since internal waves are a ubiquitous feature of the oceans, a more detailed look at their electromagnetic effects is required to assess their role in the deep ocean electromagnetic environment. Previous attempts to compute internal wave-induced electromag- where E--Ngb 3 for the exponential buoyancy profile. Figure 1 illustrates the displacement eigenfunctions for the first and third modes by using both an exponential buoyancy profile extending to the surface and the same form with a 500-m mixed layer at the surface where N-0. Note the exponential decay of the displacement in the mixed layer and concomitant increase in the depth of maximum displacement. More complex density structures, including those given by experimental data, are no more difficult to handle.
ELECTROMAGNETIC THEORY
The flamework for the theory of electromagnetic induction to be used in this paper was constructed by Chave [1983] . The Maxwell equations in the quasistatic limit, The quasistatic electric fields of these charges are large, and the part due to fluid vorticity is often dominant in the ocean. The electric currents which distribute these charges occur on a time scale of O (•/o-) that is small compared to the quasistatic time scale, and they do not produce a significant time-varying magnetic field. An elaboration of this scaling as a singular perturbation problem is given by Backus [1982] .
Solutions of (9)-(11) are obtained using potentials in a Cartesian coordinate system. By virtue of (9), the magnetic induction is completely specified by The moored electric field is primarily a measure of the local velocity and displacement fields, and the terms involving • and 8z• in Table 1 dominate the spectra except at low frequencies, where inductive effects are important. These quantities are associated with the TM mode, and the PM mode terms in Table 1 which ranges from a value near one at high frequencies to a very large number as the inertial frequency is approached, accounting for the much larger spectral level in the vertical electric field for frequencies below N/3. The vertical velocity vanishes at the seafloor and sea surface, explaining the marked reduction in the horizontal electric spectra at those points, while at mid-depths the horizontal electric power level is both large and uniform due to the smoothing effect of summing many hydrodynamic modes. By contrast the vertical electric field spectra are quite red below the local buoyancy frequency for a fixed depth because the internal wave field shifts from predominantly vertical to predominantly horizontal motion as frequency decreases. The high frequency rolloff of the spectra shifts to lower frequencies as the observation depth increases, reflecting a decrease in the local Brunt-V•iis•il•i frequency. Mutual and self induction are important for the TM mode at frequencies below 3f at all depths, as the electrical wavelength of the induced fields becomes of order the depth of the ocean, requiring that electric current loops close within the earth rather than completely within the ocean.
The magnetic field is a measure of the spatially averaged velocity field, as can be seen in the presence only of convolution-type integral terms from (30) in Table 1 It is important to compare the model spectra with those produced by other electromagnetic disturbances to estimate their relative importance. Chave and Filloux [1984] showed that the seafloor electromagnetic fields could be separated into nearly equal contributions from oceanic and ionospheric sources over the period range 1 day to 1 hour. The ionospheric part increases in a slow and predictable way as the sea surface is approached due to attenuation by the conducting ocean but does not change by over a decade even at high frequencies. The seafloor horizontal electric field oceanic part could not be explained by an internal wave mechanism, and even the increased levels seen in the ocean's interior in Figure 2 are not large enough to be significant. The seafloor horizontal magnetic field oceanic part was compatible with an internal wave source, and Figure 3 suggests that the internal wave magnetic fields will be dominant at mid depths, especially at low frequencies. By contrast, the vertical magnetic field ionospheric and oceanic parts are comparable at all depths, while the vertical electric field is entirely of oceanic origin.
The principal disturbances with similar spatial scale to internal waves to be compared with Figures 7 and 8 are surface wind waves and various ionospheric fields, especially micropulsations. Model spectra for wind waves can be obtained using (40), the electromagnetic field per unit wave height given by Chave [1983] , and the directional wave variance spectrum [Phillips, 1977] . The latter may 
